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Introduction
This report represents the design and implementation of a relational database system for Eco_Riders scheme. I am required to “demonstrate a systematic understanding of the underlying concepts of data and databases, and the methodology of database design.” To meet this, the report outlines the full development process, including requirements analysis, conceptual modelling, normalisation, implementation, testing and improvements. [1]
[bookmark: _Toc219465615]Task 1: Implementation Guide
[bookmark: _Toc219465616]Scenario and Requirement Analysis
Eco Rider over relies on paper form and spreadsheets to manage ridder details, rentals and maintenance, causing poor visibility of bike’s status,’ unreturned bikes and double bookings and inconsistent records. My task is to design a structured relational database, which supports accurate tracking, prevents double booking and improves operation efficiency.
To meet these needs, I identified the main entities:
· Registered_Riders – PK Rider_ID, Rider First Name, Rider Last Name, Phone number, Email, ID number and Registration Date
Registered_Riders stores rider details and a unique Rider_ID to prevent duplicate registrations and ensure accurate identification.
Bikes – PK Bikes_ID, Bike Type (Cargo, Folding, Mountain, City), Status (Available, In Use, Under Repair), FK Rental_ID, Rental Date
Bikes contains each bike’s ID, type, status and rental information. This allows staff to track availability, prevent double booking and monitor usage trends.
· Record_E-bike – PK Record_ID, FK Bike_ID, FK Rider_ID, FK Rental_ID, Location, Cost, Rental Date, Return Date, Duration of Rental
Record_E-bike records each rental transaction, linking riders, bikes and rental points. It supports tracking of costs, locations, rental and return dates.
· Rental Points – PK Rental_ID, Location (Park_1, Park_2, Parl_3, Train Station_1, Train Station_2, Train Station_3, University Campus_1, University Campus_2, University Campus_3), Bikes_Returned (Yes/No), Bikes_Available (numbered)
Rental Points identifies each rental location and tracks whether bikes have been returned, helping staff monitor availability and prevent theft.
· Staff – PK Staff, Staff Name, Staff Contact Details
Staff stores staff details to support communication and link maintenance tasks to specific employees.
· Maintenance_Log – PK Maintenance_ID, Maintenance_Types (General, System, Tire), Undergoing Repair (yes/no), FK Staff_ID, FK Bike_ID, Parts Replaced (Brake Pads, Tires, Chain Component, Batteries, None)
Maintenance_Log records maintenance activities, types of repairs, parts replaced, and which staff member conducted the work.
Relationships 
· One staff member can complete many maintenance logs.
· One bike can appear in many rentals and many maintenance logs.
· One rider can rent multiple bikes.
· Rentals points link to both bikes and rental records.
All of the entities and relationships ensure the system meet Eco_Rider’s operational needs.
I have designed a table to ensure I comply with all company requirements of the system and the possible constraints that come with it, which I have to enforce in order to meet the requirements.
	Requirement
	Design choice and Justification
	Considerations
	Constraints

	Registered_Riders table, only one rider per bike 
	One specific rider entity stores key demographic data and a unique primary key (Rider ID) for identification
	I will ensure the system reinforces unique ID numbers (ID_Number), which contains “No Duplicates” in the indexed field to prevent users from attempting to register various times and gain more benefits of the system than they currently have
	Rider ID = unique therefore set as a primary key with index of Yes (No Duplicates)

	Maintenance_Log must allow managers to be able to track staff on duty for each repair they perform
	The Maintenance entity tracks staff involvement and e-bike service history 
	Allows managers to track and designate individual staff for training if there are patterns in staff’s repair outcomes and for each staff to take responsibilities for their work
	

	Rental Points, Bikes_Returned attribute must ensure that no bike is unreturned
	Rental Points entity uniquely identifies Bikes_Returned for clear identification of whether bikes were returned, in order to identify theft or return of the e-bike
	No unreturned bikes allowed using the default value property box, meaning that in the unreturned field, users are required to input “Yes” for any record automatically, making it impossible for users to not return bikes
	Default field set to “Yes”

	Record_E-bike entity will ensure that all bike’s status’ is tracked 
	This record entity keeps track of whether or not bikes have been returned or not on the return date attribute
	This entity ensures data integrity by preventing double-bookings with indexed fields and status checks. Which are further enforced through the queries discussed in the Query Development Section.

	Bikes Status values are restricted to predefined options made through the LookUpWizard, and with availability enforced through queries as discussed in the Query Development Section.
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[bookmark: _Toc219465618]Data Structure Development
I implemented each entity using appropriate data types, primary keys, and foreign keys to maintain data integrity. Harrington’s theory that the physical implementation of a database must strictly follow the rules of the logical design to maintain data integrity. [3] I also added default values and validation rules to support accurate data entry and ensure the system follows the logical design and enforces constraints defined in the ERD.
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All tables were normalised to Third Normal Form (3NF). Each attribute depends on the primary key, and there are no transitive dependencies. [4] This aligns with the principles suggested by Date, that normalisation minimises redundancy, prevents update anomalies and improves long term maintainability. [5] Therefore, this reduces redundancy, prevents update anomalies and ensures the database is efficient and easy to maintain. A different approach would be to denormalise certain tables for performance, however, given the small scale of the Eco_Rider system and need for data accuracy over speed, 3NF was the most appropriate choice.
[bookmark: _Toc219465620]Sample Data Population
I populated each table with realistic sample data which is essential for testing and follows the requirements to “demonstrate practical use with sample data.” This data reflects real world scenarios, including a list of riders, bike records, rentals and maintenance logs, [6] demonstrating the system’s functionality, supporting meaningful testing.
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I have made the following queries to ensure that all functional requirements are met, this includes preventing double booking by inserting in the “indexed” property box field “Yes (No Duplicates)”, meaning that bike IDs cannot be duplicated for rental, and to further enforce the no double bookings rule, I created a before insert “If” statement that adheres to this rule of prevention so that the system must check if a bikes Status says it is “Available” before creating a new entry in the Record_E-bike. Also, validation rules were applied to enforce these constraints, as demonstrated in the Validation and Testing section, ensuring all developed queries enforce constraints and support with operational reporting. Overall, these queries directly meet the functional requirements.
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I am evaluating the system against the functional requirements to confirm that the system behaves as expected, showing that my design choices were effective. And the table following expands on the implementation testing of the functional requirements:
	Functional Requirements
	Expected Result
	Testing Process Evidence
	Met user requirements (Yes/No?)

	1.Registered_Riders table, only one rider per bike 
	In the Rider ID attribute I will not be able to input duplicate rider IDs and be able to select individual riders in the query and find out what bikes they are renting  
	[image: ]
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	Yes

	2.Maintenance_Log must allow managers to be able to track staff on duty for each repair they perform
	Managers will be able to see which maintenance staff member is performing a repair(s) or not
	[image: ]
	Yes

	3.Rental Points, Bikes_Returned attribute must ensure that no bike is unreturned
	When changing the Bikes_Returned attribute to No, an error message will appear to guide the user to correct their input. 
	[image: ][image: ]
	· Yes

	4.Record_E-bike entity will ensure that all bike’s status’ is tracked in real time where if bike is Available or In Use, then the user will know
	When a user is to input a form to rent a bike, they will be able to track which bikes are available for rental
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	Yes



Continuance in the following table as there were missing fields before: 
	What I did

	I set Rider_ID as a primary key with index of Yes (No Duplicates) in the Riders_Registered entity. I have also reinforced this requirement by creating a query to ensure that all rentals are rented to specific riders

	In the design view for the Maintenance_Log entity, I chose the LookUpWizard in the Data Type field to take the data of Staff ID’s from the Staff entity and be able to take those values and look up the staff members in a drop down box in the datasheet view screen. Regardless of update or deletion, the data in the Staff ID attribute in Maintenance_Log will update the data according to Staff entity

	In Rental Points entity, I set the Default field to “Yes” for the attribute Bikes_Returned so that every bike should be automatically returned. Additionally, I reinforced this requirement by creating a query to show what bikes are in use for staff to easily track each bike unreturned

	Bikes Status will limit to this list in row source “Available,” “In Use,” “Under Repair
For the no double booking requirement, I created a query using the Bikes entity and the attributes Bike_ID and Status with criteria to show only available e-bikes when run



[bookmark: _Toc219465623]Improvements
I used the requirements of the scenario for the design choices for Eco_Rider, my first choice was to identify key entities that represent the main operations of the scheme of its purpose and the activities such as bike management, rider registrations, rental transactions and maintenance tracking and the entities they will be included under: Registered_Riders, Bikes, Record_E-bike, Staff, Rental_Points and Maintenance_Log.

I made the choice of establishing a clear primary key in every entity, as Eco_Rider required that there be clear identification of each rider and bikes to prevent double bookings, make established identities and able to track them individually. Additionally, I established more meaningful relationships by adding foreign keys to some entities which as a result maintained referential integrity and linked data across the database. For example, the Bike_ID field connects Bikes entity to both the Record_E-bike and Maintenance_Log entities, allowing the system to easily track individual bikes’ rental histories and maintenance status. Furthermore, I have normalised all entities to the Third Normal Form to reduce redundancy and ensure long term data integrity maintenance.

Another requirement was to prevent any double-booking, which is currently enforced through queries and validations rules previously described. Ensuring that staff cannot accidentally put a bike out for rent if it is in use or under repair. Similarly, I used validation rules and default values in the Rental_Points entity to ensure that bikes cannot be unreturned, resulting in accurate tracking reports supporting the company’s future decision making.

During the database creation process, I faced challenges with Access’s validation, especially when trying to enforce rules for Record_E-bike entity’s status to automatically update itself and primarily attempted to use a macro for the double booking prevention, but I encountered limitations of knowledge and understanding of the rules. Therefore, it made me reapproach the logic and put it into forms and queries instead, which as a result produced a more stable and user-friendly system.

For improvements of the system, I would focus on increasing automation. Such as, the bikes status automatically updating when a rental or return is entered, reducing over reliance on staff to manually update this information. Also, I would expand the reporting features by integrating an AI based tool, to record summaries such as for peak rental locations or times, which would support the scheme for long-term planning and maintainability of the scheme to make transportation greener.
[bookmark: _Toc219465624]Conclusion
Overall, the database I built meets the requirements outlined by applying key relational database design concepts. The scenario served as a basis for entity identification, which was supported by academic modelling theories. The structured design ensured data integrity by including primary keys, foreign keys and normalisation to 3NF. Additionally, the ERD model validated the conceptual model whilst the physical implementation enforced the logical structure. Sample data showed practical use, and queries developed supported operational reporting and constraint enforcement. The testing confirmed the system meets all functional requirements and the improvements identified provide a clear baseline for future development. In conclusion, the report demonstrates a clear understanding of relational database design and concepts and their application in real world scenarios.
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